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Abstract

We describe a set of implementations of the NAS Parallel Benchmarks based
on Fortran 77 and the MPI message passing standard. These implementa-
tions, which are intended to be run with little or no tuning, approximate the
performance a typical user can expect for a portable parallel program on a dis-
tributed memory computer. They complement rather than replace the original
NAS Parallel Benchmarks.

We also present two additions to the original pencil and paper specification.
First, we define “class C” sizes of the benchmarks to better suit the current
and next generation of supercomputers. Second, we introduce changes to the
reporting requirements for NAS Parallel Benchmark results.
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1 Introduction

The Numerical Aerodynamic Simulation (NAS) program, located at NASA Ames
Research Center, is a pathfinder in high-performance computing for NASA,
focusing on computational fluid dynamics and related aeroscience disciplines
[1]. A key goal of the NAS program is to demonstrate by the next millennium an
operational computing system capable of simulating, in one to several hours, an
entire aerospace vehicle system throughout its mission and life cycle. To solve
this full multidisciplinary problem requires a system that can perform scientific
computations at a sustained rate one to two orders of magnitude faster than
current supercomputers. We expect that such a computer system will employ
hundreds or thousands of powerful processors operating concurrently.

To measure objectively the performance of highly parallel computers and to
compare their performance with that of conventional supercomputers, NAS de-
veloped the NAS Parallel Benchmarks (NPB 1.0) in 1991[5]. The benchmarks,
which are derived from computational fluid dynamics codes, have gained wide
acceptance as a standard indicator of supercomputer performance. The “pencil
and paper” design of NPB 1.0 acknowledged fundamental barriers to portability
among parallel computers.

While the NAS Parallel Benchmarks continue to provide an important mea-
sure of parallel performance, a number of weaknesses have become evident
since their release. Implementations of the NAS Benchmarks are usually highly
tuned by computer vendors, so that the performance of these implementations
is difficult for scientific programmers to obtain. Moreover, these tuned imple-
mentations are generally proprietary and not publicly available, so that the
techniques used by vendors to obtain high performance remain hidden.

Another sign of the age of NPB 1.0 is that the largest problems (class B) no
longer reflect the largest problems being done on present-day supercomputers.

In the current work, we introduce

e source-code versions for five of the benchmarks, intended to be run with
little tuning. They supplement, rather than replace, NPB 1.0.

e class “C” sizes for all benchmarks.
e new reporting requirements for NPB 1.0 results.

The bulk of this report concerns the new source code implementations.

Note that the NPB effort is distinct from the NAS High Speed Processor
(HSP) benchmarks and procurements. The HSP benchmarks are used for
evaluating production supercomputers for procurements in the NAS organiza-
tion, whereas NPB 1.0 and 2.0 are used for the study of highly parallel processor
systems in general.



1.1 NAS Parallel Benchmarks 1.0

NPB 1.0 consists of eight benchmark problems derived from important classes
of aerophysics applications. The eight problems consist of five kernels and
three simulated computational fluid dynamics (CFD) applications. The five
kernels mimic the computational core of five numerical methods used by CFD
applications. The simulated CFD applications reproduce much of the data
movement and computation found in full CFD codes, and require more effort
to implement than the kernels. For a detailed description and specification of
NPB 1.0, see the 1991 technical report [5, 6].

The benchmarks are unique in their “pencil and paper” specification — ven-
dors implement the detailed specifications in the NPB report using algorithms
and programming models appropriate for their different machines. Within the
framework of Fortran 77, Fortran 90, C and HPF, implementors are free to use
language constructs, data structures, data partitioning and algorithmic details
that maximize performance on a particular system. Because of this freedom,
and because performance on NPB 1.0 has been used in procurements, ven-
dors have devoted extensive effort to optimizing their implementations. While
source code for these implementations is generally proprietary, several of the
implementations are documented in publicly available reports [7, 8, 9]. Results
submitted by vendors have been summarized in a periodically updated NAS
technical report [10, 11, 12].

NAS has provided reference implementations of NPB 1.0 but these are
neither portable nor optimized. The reference implementations are intended
only as a starting point for optimized implementations.

2 Source Code Implementations - NPB 2.0

At the time NPB 1.0 was developed, the wide diversity of architectures and
programming models made it impossible to write portable parallel benchmark
implementations. For instance, it was not possible to write a single program that
could give meaningful results for both a CM-2 (a SIMD computer programmed
in a data parallel language) and an iPSC/860 (a MIMD machine programmed
with message passing).

Although important barriers to portability still exist, emerging standardization
in parallel computing now makes it feasible to consider benchmarks specified by
source code. On the software side, there is now an industry standard message
passing library, MPI, and a standard data parallel programming language, HPF.
On the hardware side, there has been a convergence in parallel architectures to
MIMD computers based on commodity processors with cache-based memory
systems, and composed of single processor or SMP nodes.

There are several motivations for introducing source code versions of the
NAS Parallel Benchmarks. NPB 1.0 gives a reasonable measure of rela-



tive performance because the playing field has been leveled by the uniformity
with which pre-sales marketing departments have aggressively optimized their
hardware-specific implementations. NPB 1.0 is a poorer indication of real-
world performance. While many codes run at NAS are highly tuned for the
specific architecture on which they execute, an increasing number are written
with portability in mind, especially in an environment of rapid machine turnover.
Well-written but untuned benchmark codes may give a better indication of per-
formance of these new portable codes. Finally, a comparison of source code
benchmarks and NPB 1.0 results may indicate how much performance can be
improved through careful tuning.

NPB 2.0 is primarily a source code release of a subset of the original bench-
marks. Itis an interim release of what will eventually be NPB 3.0, which will also
contain some new benchmarks. The NPB 2.0 benchmarks are implemented in
Fortran 77 with a few common extensions that are also part of Fortran 90. They
use MPI for communication but can be run on one processor with a “dummy”
MPI library that performs negligible work.

A number of NPB implementations have been produced by research projects
[13, 14, 15, 16, 17, 18]. What distinguishes NPB 2.0 from other publicly avail-
able source-code implementations of NPB 1.0? First, NPB 2.0 codes were
designed as benchmarks, and are not a byproduct of a related research project.
They are carefully coded to use modern algorithms, avoid unnecessary compu-
tation, and generally represent real-world codes. They perform reasonably well
across many platforms. Other NPB implementations (including the NPB 1.0
reference implementations from NAS) often perform more poorly, so that they
don't predict performance of well-written production applications and cannot be
meaningfully compared to vendors’ optimized NPB 1.0 implementations. Sec-
ond, NPB 2.0 is one of a few implementations to utilize MPI, which we believe is
an essential component of standard parallel benchmarks. What distinguishes
NPB 2.0 from other (non-NPB) source-code parallel benchmarks? Its primary
advantage is that the NPB suite is already well-known — NPB 2.0 results can
be readily compared to vendor-optimized NPB 1.0 results. Additionally, NPB
2.0 codes are relatively small and quite portable.

NPB 2.0 includes five of the original eight benchmark problems — FT, MG,
LU, SP, BT. The other benchmarks were not implemented both because they
were considered less important and because of manpower limitations.

FT contains the computational kernel of a three dimensional FFT-based
spectral method. MG uses a multigrid method to compute the solution of the
three-dimensional scalar Poisson equation. LU is a simulated CFD applica-
tion which uses symmetric successive over-relaxation (SSOR) to solve a block
lower triangular-block upper triangular system of equations resulting from an un-
factored implicit finite-difference discretization of the Navier-Stokes equations
in three dimensions. SP and BT are simulated CFD applications that solve
systems of equations resulting from an approximately factored implicit finite-
difference discretization of the Navier-Stokes equations. The BT code solves



block-tridiagonal systems of 5x5 blocks; the SP code solves scalar pentadiag-
onal systems resulting from full diagonalization of the approximately factored
scheme. More details of the implementations are described in Section 2.3.

NPB 2.0 source code benchmarks are intended to be run with little or no
tuning (see Appendix A). NAS will collect results (see Appendix D) and report
them along with NPB 1.0 results.

2.1 Programming Model

There are three types of programs that are portable across a wide range of
distributed memory machines — message passing programs based on MPI
(Message Passing Interface) or PVM (Parallel Virtual Machine), and data par-
allel programs based on HPF (High Performance Fortran).

We chose MPI because it is available and in wide use on all machines at
NAS, because it is an industry standard, and because it is designed for and
generally achieves high performance. NAS believes that MPI will become the
de-facto standard message passing library. PVM, while popular, is not appro-
priate for NPB 2.0. It undergoes major changes frequently, so that vendors
rarely have optimized implementations of the latest version and codes require
revision to conform. PVM was not designed for high performance, and is
more appropriate for loosely coupled, dynamic and fault-tolerant applications
not represented by NPB 1.0. HPF is appropriate, but most current HPF compil-
ers are still maturing, making development difficult and performance analysis
problematic. We hope to release HPF implementations as part of NPB 3.0.

The most common programming model that we did not consider is automatic
compiler parallelization (of C or Fortran) targeting shared memory architectures.
We did not consider this model because it is not appropriate for non-shared
memory computers and because there is no standard programming interface
(e.g. compiler directives).

While the benchmarks are implemented with MPI, they are not intended to
test only MPI. They are holistic benchmarks, designed to measure the overall
performance of a complex system of which MPI is one part.

Although C and C++ are gaining in popularity for scientific programming,
Fortran is still the overwhelming choice at NAS. We chose to implement in For-
tran 77 and use only a few common extensions. These include long variable
names, the “include” statement, do/enddo constructs, and similar extensions.
Fortran 90 would be the forward-looking choice, but there are a several per-
formance issues with current compilers which made a full-blown Fortran 90
implementation infeasible.



2.2 Architecture and Performance Considerations

The NPB 2.0 source code benchmarks can be run on on almost any MIMD
parallel computer supporting Fortran and MPI. Complete portability combined
with maximum performance is an impossible goal, however. We discuss here
some of the architectural considerations and performance tradeoffs.

We target distributed-memory MIMD computers primarily for portability.
Codes which run efficiently on distributed memory systems should be able
to run well on a shared-memory architecture. The converse, however, is not
necessarily true. Moreover, because of inherent scalability issues in shared
memory architectures, high-end supercomputing will have to address the prob-
lems of distributed memory for the foreseeable future.

Portability was also a concern at the node level. Many highly parallel su-
percomputers are based on RISC or RISC-like processors with cache-based
hierarchical memory systems [19]* To utilize cache effectively, the benchmarks
generally access data with stride one. They are not optimized for long vector
lengths, or for interleaved memory systems.

The benchmarks are not “unnaturally” optimized. There is no loop unrolling
or careful ordering of operations to utilize efficiently a specific instruction set.

2.3 Benchmark Descriptions
The NPB 2.0 implementations contain the following features.

Self-Verification is contained within the code to determine if each run has
completed with the correct results.

Timing is performed according to the NPB 1.0 specifications. When possible,
the code is run for one time step and then reinitialized before timing begins.
The purpose of this apparently gratuitous iteration is to eliminate startup
costs associated with demand paging and cache loading by making sure
that all code and data has been touched. A real application may run for
much longer than an NPB, so that these startup costs are amortized over
a long period of time.

Mflop/s rates are estimated within the code. These estimates are based on
actual operation counts without compiler optimizations and were made
with pixie on an SGI Challenge or hpm on a Cray Research C90. The
operation counts apply only to NPB 2.0 implementations, not to NPB 1.0
implementations, and are different from the counts that can be inferred
from the original NPB report. The original report contained Mflop/s rates
and operation counts measured for specific CRI Y-MP implementations.
Those original numbers should not be used to derive Mflop/s rates either
for NPB 1.0 or for NPB 2.0 implementations.

*See also http://www.netlib.org/benchmark/top500.ps.



The benchmarks must be compiled for a specific grid size and number of
processors. While some of the codes can be run successfully on a larger num-
ber of processors or smaller grid than those specified at compile time, memory
access behavior may be different from that of a code compiled explicitly for that
size and number of processors. Since reproducibility is an important goal in any
benchmark, NPB 2.0 results are valid only for configurations identical to those
specified at compile time. For instance, although the MG benchmark compiled
for class A and 16 processors can be run successfully on 32 processors, the
32 processor result will not be included in the NPB 2.0 database.

2.3.1 Kernel Benchmark: FT

The implementation of the 3-D FFT PDE benchmark follows a fairly standard
scheme. The 3-D array of data is distributed according to z-planes of the array
— one or more planes are stored in each processor. The forward 3-D FFT
is then performed as multiple 1-D FFTs in each dimension, first in the z- and
y- dimensions, which can be done entirely within a single processor, with no
interprocessor communication. An array transposition is then be performed,
which amounts to an all-to-all exchange, wherein each processor must send
parts of its data to every other processor. The final set of 1-D FFTs is then
performed. A conventional Stockham-transpose-Stockham scheme is used for
the 1-D complex FFTs. This procedure is reversed for inverse 3-D FFTs. FT
runs on a power-of-two number of processors.

2.3.2 Kernel Benchmark: MG

The Multigrid Benchmark is based on the NX reference implementation from
1991. Four critical subroutines — the smoother, psinv, the residual calculation,
resid, the residual projection, rpr;3 and the trilinear interpolation of the correc-
tion, interp — were optimized for both vector and RISC processors. This code
requires a power-of-two number of processors. The partitioning of the grid onto
processors occurs such that the grid is successively halved, starting with the z
dimension, then the y dimension and then the = dimension, and repeating until
all power-of-two processors are assigned.

2.3.3 Application Benchmark: LU

The LU benchmark is based on the NX reference implementation from 1991.
This code requires a power-of-two number of processors. A 2-D partitioning
of the grid onto processors occurs by halving the grid repeatedly in the first
two dimensions, alternately = and then y, until all power-of-two processors are
assigned, resulting in vertical pencil-like grid partitions on the individual proces-
sors. The ordering of point based operations constituting the SSOR procedure



proceeds on diagonals which progressively sweep from one corner on a given
z plane to the opposite corner of the same = plane, thereupon proceeding to
the next » plane. Communication of partition boundary data occurs after com-
pletion of computation on all diagonals that contact an adjacent partition. This
constitutes a diagonal pipelining method and is called a “wavefront” method by
its authors [31]. It results in a relatively large number of small communications
of 5 words each.

Although the described algorithm is not optimal for the application at hand,
it is being retained as a benchmark because it is very sensitive to the small-
message communication performance of an MPI implementation. It is the only
benchmark in the NPB 2.0 suite that sends large numbers of very small (40
byte) messages.

2.3.4 Application Benchmarks: SP and BT

The SP and BT algorithms have a similar structure: each solves three sets of
uncoupled systems of equations, first in the z, then in the y, and finally in the =
direction. These systems are scalar pentadiagonal in the SP code, and block
tridiagonal with 5x5 blocks in the BT code.

The NPB 2.0 implementations of SP and BT solve these systems using a
multi-partition scheme [20, 21]. We chose the multi-partition approach because
it provides good load balance and uses coarse grained communication. Other
common partitioning strategies considered were uni-partitioning, combined with
Pipelined Gaussian Elimination (PGE) [28] and Dynamic Block-Cartesian De-
composition [28]. Pipelined Gaussian Elimination has asymptotically better
scaling properties (for very large numbers of processors) but forces a trade-
off between load balance and communication granularity. The dynamic block
Cartesian decomposition requires a transpose at each step, making it appropri-
ate only on extremely high bandwidth networks. These three strategies were
compared in [28].

In the multi-partition algorithm [20] each processor is responsible for several
disjoint sub-blocks of points (“cells”) of the grid. The cells are arranged such
that for each direction of the line solve phase the cells belonging to a certain
processor will be evenly distributed along the direction of solution. This allows
each processor to perform useful work throughout a line solve, instead of being
forced to wait for the partial solution to a line from another processor before
beginning work. Additionally, the information from a cell is not sent to the next
processor until all sections of linear equation systems handled in this cell have
been solved. Therefore the granularity of communications is kept large and
fewer messages are sent.

Both the SP and BT codes require a square number of processors. These
codes have been written so that if a given parallel platform only permits a
power-of-two number of processors to be assigned to a job, then unneeded



processors are deemed inactive and are ignored during computation, but are
counted when determining Mflop/s rates.

2.4 Benchmark Rules

The NAS organization will report the original NPB 1.0 results as well as the
NPB 2.0 results. The NPB 2.0 results will be reported in three forms

0%: (or dusty deck) where none of the source code is changed (except as
required to make the code run) and

5%: where up to 5 % of the lines of source code are modified. White space
changes are not counted.

>5%: where more than 5% of the lines of source code are modified.

To qualify for 0% modification, the submitter can modify or replace the
makefile and build scripts provided with the NAS 2.0 distribution. The source
can be fsplit and compiled with different compiler options or even different
compilers. However the Fortran code itself cannot be modified. Automatic
preprocessors which convert output Fortran are allowed. (When reporting a
fsplit result, please report the highest level of optimization used, and which
routines were not compiled with this level of optimization.)

NAS will also accept submissions based on greater than 5% modifications.
These submissions follow the same rules as NPB 1.0, but non-vendor submis-
sions will be reported with the NPB 2.0 results.

The fraction modification is the number of changed lines divided by the total
number of lines in the original source. The number of changed lines is defined,
for each file, by the number of lines produced by sdiff when comparing the
original and new versions, or by the number of lines in the file, if an original
version does not exist. For instance, the following csh script would print out the
total number of lines changed for each file:

foreach f (*.f *.h *.incl)
sdiff -s $f $f.orig |we -
end.

NAS will use its judgment to determine whether modifications which barely
exceed 5% are within the intent of the minor modification criteria.

For all submittals, NAS requests the output files, source code (if changed),
and auxiliary files used for building (if changed). These will be made publicly
available. They are necessary to enable the results to be reproduced. The NAS
organization reserves the right to verify any NPB results that are submitted
to us. We may attempt to run the submitter’s code on another system of
the same configuration as that used by the submitter. In those instances
where we are unable to reproduce the vendor’s supplied results (allowing a
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5% tolerance), our policy is to alert the submitter of the discrepancy and allow
the submitter to resolve the discrepancy in the next release of this information.
If the discrepancy is not resolved to our satisfaction, then our own observed
results with NAS explicitly named as the submitter, and not the submitter’s
results, will be reported. This policy will apply to all results NAS receives and
publishes.

For the NPB 2.0 “dusty deck” submittals, the NAS organization will entertain
numbers from all sources in a procedure similar to that used for the LINPACK
100 benchmark. For these numbers, the submitter must include the hardware
specification, the operating system and compiler version numbers, and the ex-
act compiler flags used to produce the submittal. In addition, vendor submittals
must include the cost in U.S. dollars of the benchmarked computer system
in order for NAS to compute sustained performance per dollar. These costs
should include any associated software costs such as operating systems, com-
pilers, scientific libraries but not substantially more hardware than required for
the benchmarks. Non-vendors submissions are not required to include cost.
The NAS organization will verify some of these submittals.

For 5% and above 5% modification submittals, NAS requires in addition the
output files and the modified source code, makefiles, and run scripts.

NAS will maintain a WWW page* and a periodic series of technical reports
with the results from these benchmarks. NAS will make its MPI implementation
freely available and encourages vendors to either allow NAS to distribute their
technical reports on these NAS benchmark implementations or their source
code. In addition, the Parkbench effort will incorporate these numbers in their
graphical WWW pages [29].

2.5 Benchmarking Technique

Because these benchmarks measure wall clock time and are statically load
balanced and tightly synchronized they have to be run on completely dedicated
systems, and with as few system processes as possible. Failure to do so may
cause timing results to be in error.

2.6 Source Distribution

NAS has received a waiver which allows unlimited, world wide distribution of
the NAS Parallel Benchmarks.

*See also http://www.nas.nasa.gov/NAS/NPB/.
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3 Class C Benchmarks

Since the 1991 specifications of NPB 1.0, computer speed and memory sizes
have grown and correspondingly so have representative problem sizes. Many
computational aeroscience applications routinely use millions of grid points.
NPB 1.0 specifies two problem sizes for each benchmark — class “A” and a
larger class “B”. The class A benchmarks can now be run on a moderately
powerful workstation, and class B benchmarks on high-end workstations or
small parallel systems. To retain the focus on high-end supercomputing, we
now add a class “C” for all of the NAS benchmarks.

The class C problem sizes are given in Table 1. Iteration counts and val-
idation tolerances are the same as for class B. MG class C should use the
class B smoothing operator. Validation humbers for all codes which are also
part of NPB 2.0 are included in the NPB 2.0 implementations. For a complete
explanation of the manner in which the computed values must be calculated
and of the agreement tolerances for other classes, see [5].

Benchmark code Class A ClassB Class C
Embarrassingly parallel (EP) 278 230 232
Multigrid (MG) 2563 2563 5123
Conjugate gradient (CG) 14000 75000 150000
3-D FFT PDE (FT) 256° %128 512x 2562 5123
Integer sort (IS) 228 225 227
LU solver (LU) 64° 1023 1623
Pentadiagonal solver (SP) 643 1023 1623
Block tridiagonal solver (BT) 643 1023 1623

Table 1: NAS Parallel Benchmarks Problem Sizes
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4 New rules for reporting NPB 1.0 results

NPB 1.0 results have been based, with few exceptions, on proprietary im-
plementations of the benchmarks. NAS has reported performance results, but
has not been allowed to release the proprietary codes on which they are based.
Vendors have been reluctant to release source code.

While we respect the right of vendors to keep their codes confidential, we
no longer believe it serves the interests of the high performance computing
(HPC) community for them to remain proprietary. The algorithms needed to
write efficient implementations of the NAS Parallel Benchmarks are now well
known and well understood.

To balance the right to confidentiality with the needs of the HPC community,
we have therefore adopted the following policy on NPB 1.0 results. Vendors are
encouraged to make source code publicly available. NAS will place publicly
available source code on the world wide web (WWW). If a vendor does not
wish to make source code publicly available, NAS will require that a technical
report describing the implementations be made publicly available instead. NAS
will make this report available on the WWW. This policy applies to all NPB 1.0
results submitted after Supercomputing '96, as a prerequisite for inclusion in
the periodic NAS report. NAS encourages vendors to release source code as
soon as possible, however.

13



5 Discussion

NPB 2.0 is the first release of source “portable” NAS Parallel benchmarks.
The final three benchmarks will be released some time next year. To track
the performance differences between FORTRAN and other popular languages,
most notably HPF, parallel-C and C++, NAS also solicits results of “portable”
implementations of the NAS Parallel Benchmarks in other languages.

The NAS Parallel Benchmarks were designed to reflect Computational Fluid
Dynamics Applications run at NAS in 1991. Five years later, additional algo-
rithms and classes of applications are run at NAS. Therefore NAS intends to
release additional benchmarks which represent current trends in Aerophysics
computations at NASA. In particular, new benchmarks will stress the 1/0 and
load balancing of new systems.
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A Explanation of Makefiles and Run Procedures

The authors of these codes and Makefiles have attempted to create an envi-
ronment that allows a user to generate the executables and obtain benchmark
numbers with little effort.

The basic file structure of this environment under UNIX is

NPB/ config !configurations files which nmust be edited or chosen
NPB/ sys lutility programs for the environnment

NPB/ bi n !'l ocation of executables

NPB/ FT ! FT benchmark source

NPB/ MG | MG sour ce

NPB/ LU ! LU- CFD sour ce

NPB/ BT ! BT- CFD source

NPB/ SP | SP- CFD sour ce

NPB/ MPI _dumry !'dunmmy MPI library for SMP or single node runs
NPB/ sampl es !sanmpl e NQS, PBS and Interactive scripts

A.1 Edit the configuration file

Edit the site- and machine-specific data in conf i g/ make. def . Several sam-
ple versions are included in this directory so you may be able to copy one. A
clean version is in confi g/ make. def . t enpl at e. Sample nake. def files
are in the config directory. Here is a sample one for an INTEL PARAGON
running OSF:

# Site-specific definitions.

# The foll owi ng nmust be defi ned:

# MPI _LIB - any -L and -1 argunents required for |inking MPI prograns
# MPI _INC - any -1 argunents required for conpiling MPl prograns
# F77 - fortran conpiler

# LOAD - | oader

# FFLAGS - conpilation argunents

# LDFLAGS - | oader argunents

# BINDIR - destination directory for executables

#

# conpilations are done with $(F77) $(MPI _I NC) $(FFLAGS) or

# $(F77) $(FFLAGS)

# linking is done with $(LOAD) $(MPI _LIB) $(LDFLAGS)

# flags must be such that DOUBLE PRECI SION data is 64 bits

# In particular, you need -dp on a Cray

F77 = [ rpi / mpi ch/ i b/ paragon/ ch_nx/ npi f 77

LQAD = [ mpi / mpi ch/ |'i b/ paragon/ ch_nx/ npi f 77
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MPI _LIB = - L/ app/ npi / mpi ch/ | i b/ par agon/ ch_nx

MPI _INC = -1/ app/ npi / mpi ch/ i ncl ude

FFLAGS = -O4 -Mect -MostrideO -Knoi eee - Mhodebug - Mext end
LDFLAGS = -nx -4 -Knoi eee - Mhodebug - Mext end

cC = cc

BINDIR = ../bin

# The following variables are set correctly for nost

# architectures. They need to be set if the conpiler

# flags used above change the size of any of the

# Fortran data-types | NTEGER, DOUBLE PRECI SI ON or DOUBLE COMPLEX
# If the default sizes have been changed, MPI will send

# the wong amount of data. You need to tell MPI which of

# its builtin data-types to use to send this resized data.

# For instance, if you use -dp on a Cray to denote

# doubl e precision data to 64 bits, DP_TYPE shoul d

# be MPI _REAL, which is the standard 64-bit REAL type.

# DP_TYPE - correct MPI type to send DOUBLE PRECI SI ON dat a
# | NTEGER_TYPE - correct MPlI type to send | NTEGER dat a

# DC _TYPE - correct MPI type to send DOUBLE COVPLEX dat a
DP_TYPE = VPl _DOUBLE_PRECI SI ON

| NTEGER_TYPE = MPI _I NTEGER

DC_TYPE = VPl _DOUBLE_COWVPLEX

The compile and load strings that are defined in nake. def are included in

NPB/ sys/ set par ans. h and appear in the output from the benchmark runs.

A.2 Making One executable

Each benchmark comes in 4 sizes (classes): A, B, C and S(ample). Since
Fortran 77 doesn’t have dynamic memory allocation, both the class and the
number of processes must be specified at compile time. Some benchmarks
(FT, MG, LU) run on a power-of-2 number of processes. Others (SP, BT) run
on a square number of processes (1, 4, 9, ...)

To compile a given benchmark for specific class and number of processes,

type

make benchmar k- name CLASS={ A, B, C, S} NPROCS=#

For instance, to create a class B version of the SP benchmark that runs on

16 processes, type:
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make sp CLASS=B NPROCS=16

If you specify an illegal number of processes for a given benchmark or an
unknown class, the compilation aborts.

The executable is placed in the subdirectory “bin" of the distribution (or in
the directory BINDIR specified in make.def, if you've defined it). The name of
the executable is “benchmark-name.CLASS.NPROCS", e.g., “sp.A.16".

A.3 Making a set of executables

The procedure in item 2 allows you to build one benchmark at a time. To build
a whole suite, you can type

make suite

Make will look in file config/suite.def for a list of executables to build. The file
contains one line per specification, with comments preceded by “#". Each line
contains the name of a benchmark, the class, and the number of processors,
separated by spaces or tabs. For instance, the file could contain:

# This is a sanple suite file to build several executables

sp A 16
sp A 25
sp A 36
ft B 1
ft B 2
ft B 4

The config directory also contains several sample suites.

B The MPI_Dummy Library

The benchmarks have been designed so that they can be run on a single
processor without an MPI library, if desired. A few “dummy" MPI routines are
still required for linking. For convenience, such a library is supplied in the
“MPI_DUMMY" subdirectory of the distribution. It contains a mpif.h include file
which must be used as well. Typing “make" in the mpi_dummy directory should
build the dummy library, libmpi.a. You must modify make.def to use this dummy
library and include file.

This is far from a complete implementation of MPI and only contains those
routines needed by the NPB 2.0 Benchmarks. Copies are used in the “Reduce”
routines and the library will exit if any communication is actually attempted.
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C Sample Scripts

Several sample scripts are provided to either run the executables interactively,
submit an NQS batch job, or a PBS batch job. For instance, here is a simple
NQS script which will email the user at the beginning and end of the job and
run a CLASS A, FT benchmark on 128 nodes of a PARAGON.

#

# QSUB -nb -ne

cd $HOVE/ NPB/ bi n

dat e

ft.A 128 -plk -sz 128 >../ft.A 128. out
dat e
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Field Type | Size Key Optional?
hardware _key string 80 | PRIMARY KEY | NOT_NULL
manufacturer string 80 NOT_NULL
machine_type string 60 NOT_NULL
model string 60

cpu string 60

cpu_clock_mhz int 4

L1_cache_KB int 4

L2_cache_KB int 4

other_cache KB int 4

min_memory_MB int 4

disk string 80

interconnect_type | string 80

cost.in_.US_dollars | real 8

other_hardware string 80

h_comments string 80

Table 2: Table Name: hardware

D Submittal of Results

NAS requests to receive the output files, all changed source, makefiles and
scripts used to generate the submittal.

An mSQL database has been created as a repository for the NPB 2.0
results. The format of a submittal consists of four SQL tables, ‘hardware’,
‘software’,'submitter’, and ‘result.” There will be one ‘result’ table for each
benchmark and possibly several ‘software’ and ‘submitter’ entry for each ‘hard-
ware’ table. Unique keys should be provided in the ‘result’ table to link the
tables. Examples are illustrated below. >From the output files, NAS will create
SQL input for the “results” table below. However, the submitter should include
the information for the other three tables. Entries below marked “NOT_NULL”
must be completed.

In addition, a WWW server to submit results will be accessible through
the NPB web page already mentioned. NAS reserves the right to review all
submissions before inclusion into the SQL database.
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Field Type | Size Key Optional?
software_key string 80 | PRIMARY KEY | NOT_NULL
operating_system | string 80 NOT_NULL
OS_version string 12
compiler_name string 15
compiler_version string 80
compiler_switches | string 80
MPI_name string 10
MPI_version string 10
s_comment string 80
Table 3: Table Name: software
Field Type | Size Key Optional?
submitter key | string 80 | PRIMARY KEY | NOT_NULL
name string 80 NOT_NULL
organization | string 80 NOT_NULL
email string 80 NOT_NULL
telephone string 20
date_sent string 9
Table 4: Table Name: submitter
Field Type | Size | Key | Optional?
hardware _key string 80
software_key string 80
submitter_key string 80
benchmark string 20 NOT_NULL
version real 8 NOT_NULL
percent_modified int 4
patch_level string 2
problem_size string 1 NOT_NULL
number_nodes int 4 NOT_NULL
time_secs real 8 NOT_NULL
Mflop/s real 8 NOT_NULL
date_benchmarked | string 9 NOT_NULL
r.comments string 80
Table 5: Table Name: result




E Further Information

NAS will maintain two mailing lists and a WEB page concerning these bench-
marks.

Permission to use, copy, distribute and modify this software for any purpose
with or without fee is hereby granted. We request, however, that all derived
work reference the NAS Parallel Benchmarks 2.0. This software is provided
“as is” without express or implied warranty.

Information on NPB 2.0, including the technical report, the original specifi-
cations, source code, results and information on how to submit new results, is
available at:

http://www.nas.nasa.gov/NAS/NPB/

Send conments or suggestions to npb@as. nasa. gov

Send bug reports to npb- bugs@as. nasa. gov

NAS Paral | el Benchmar ks Group
NASA Anes Research Center

Mail Stop: T27A-1

Mffett Field, CA 94035-1000

Fax: (415) 604- 3957

E-mail: npb@nas.nasa.gov
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